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| EDITORIAL 








A BURNING 


Tuts is the time of year when vast quantities 
of books are bought by students who com- 
mence their studies at universities and schools 
for higher education. It has been said, how- 
ever, that at the end of their studies the first 
thing that the newly qualified graduates do 
is to burn their text-books. Fortunately they 
do not all perform this feat or the outlook for 
dentistry would be somewhat cloudy to say 
the least. For surely if we burn our books 
we also burn our boats. Undoubtedly there is 
a certain percentage who do this, at least 
metaphorically speaking, by never opening 
their books again as long as they live. Perhaps 
they think that some sort of new knowledge 
will be created within them like a Phoenix 
rising from the flames of the bonfire. The 
possible reason for this sacrificial burning is 
the sudden release of the student from the 
academic world and his entrance into a new 
sphere of practical endeavour which is not, 
perhaps, always based on the orthodox. More 
than one man has told his newly acquired 
assistant to forget his books, with the remark 
that “‘we have no time for Black’s cavities in 
this busy practice”. They seem to forget 
Black’s words that “‘A professional man is 
none other than a continuous student”. 
Text-books should be an integral part of 
our practising life, and not looked upon as 
being just for the student and the academic 
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QUESTION ” 


world. The reputation of a country’s scientific 
knowledge is based in many ways on the 
quality of its text-books. A good text-book 
will automatically enhance the whole of 
dentistry in the country of its origin. The 
operative word is “good”’, for a bad text-book 
can have the reverse effect. The text-book to 
appeal to the student, and we trust to the 
general practitioner, must be in essence a 
simple statement of principles and conclusions. 
The real trouble with so many text-books 
which leads to the “burning question” is 
that they are filled with so much padding and 
irrelevant material. This is particularly true 
of some of the American books, but not quite 
so true in the case of British books. A text- 
book is of little value to the student if it is 
filled with a welter of detail plus the proverbial 
kitchen stove. The student becomes lost in a 
maze and is unable to find his way out. It is 
not always easy for the teacher to guide him 
to a true understanding, for he himself may 
become lost in the same maze. The duties of 
a book reviewer are obviously onerous and 
his work very largely a labour of love. His 
love at times must fly out of the window over 
some text-books, but apparently he is never 
at a loss for a word. However, we still await 
the day when we can publish a notice of a 
book which simply says: “This is good, buy 
it !”’ Such a book we feel sure will never be burnt. 
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ELECTROMYOGRAPHY RELATIVE TO THE 





STOMATOGNATHIC SYSTEM: A REVIEW 


By ARNOLD S. T. FRANKS, B.D.S., L.D.S. (Manc.) 


Department of Prosthetic Dentistry, University of Manchester 


INTRODUCTION 


WHEN a muscle contracts, physical, electrical, 
thermal, and chemical changes occur in the 
individual fibres. The electrical energy change 
—a minute fraction of the total—arises from 
polarization changes which accompany the 
almost synchronous contraction of the muscle 
fibres comprising one motor unit. On an 
electromyograph these diminutive action 
potentials are picked up by either surface 
or needle electrodes and after suitable ampli- 
fication—many thousands of times—they are 
fed into a pen writer, which records their 
varying amplitudes and frequencies on a strip 
of moving paper, to produce an electromyo- 
gram. The activity may alternatively be 
displayed on a cathode-ray oscilloscope. 

An individual action potential possesses 
four characteristics: (1) Wave form; (2) 
Amplitude; (3) Duration; (4) Frequency. 
The action potentials occur in bursts of 
activity, known as volleys, which also show 
variation by: (a) number of action potentials 
in a volley; (b) duration; and (c) smoothness 
or lack of smoothness in the components of 
the volley. 

There are no electrical changes in a com- 
pletely relaxed muscle (Adrian and Bronk, 
1929; Weddell, Feinstein, and Pattle, 1944). 

During muscle activity, as effort is increased, 
so does the number and frequency of the 
motor units firing off an asynchronous 
discharge. 

The cumulative effect is a masking of the 
individual action potential and the formation 
of an interference pattern, which is a character- 
istic of normality. Registration of the electrical 
activity of an active muscle does provide a 
record proportionate to force or movement. 

Certain difficulties are inherent in the use 
of the electromyograph as a research instru- 
ment :— 
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1. Correct interpretation of an_ electro- 
myogram is often difficult due to  super- 
imposition of electrical interference wave forms. 

2. The motor nerve-supply to a muscle may 
show anatomical variation (Shea and Woods, 
1955). 

3. Needle electrodes do cause discomfort 
to a subject and may be inserted inadvertently 
into one of the many fine nerve-fibres within 
the muscle (Shea and Woods, 1955). 

4, Variations in recording conditions do not 
allow absolute quantitative estimations. 

Statistical reliability of a research study can 
be ascertained by a series of recordings from 
the same muscle over a period of days, as was 
carried out by Geltzer (1953). Carls66 (1956) 
considers that if recording is carried out 
during isometric rather than isotonic con- 
tractions the sources of error can be reduced. 


REVIEW OF RECENT RESEARCH 


The initial communications relating to 
application of electromyography to dental 
research came from Moyers (1949, 1950). He 
described a method for recording the action 
potentials of muscles of the temporomandibular 
articulation and presented an _ electromyo- 
graphic analysis of certain of these muscles. 

Movements of the temporomandibular arti- 
culation are effected by the regulated inter- 
action of several muscles including mechanical 
antagonists. The stabilizing action or “ paying- 
out of rope” of the antagonist muscles helps 
to guide the articular components. For 
example, the shape of the condyle and articular 
fossa as well as the loose capsule and ligaments 
would hardly be able to prevent the condyle 
being drawn up into the thin floor of the 
articular fossa. Partridge (1924) suggested on 
morphological evidence that antagonist muscles 
operated to prevent joint injury. Stabilizing 
action is shown electromyographically when 
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a muscle exhibits activity in movements 
where it has a mechanically antagonistic 
action. 

1. Basic Mandibular Movements.— 

Depression of the Mandible——The supra- 
hyoid group of muscles appears to play some 
part in the initiation of mouth opening 
(MacDougall and Andrew, 1953). Mandibular 
depression is brought about by contractions 
of both the external pterygoid and digastric 
muscles, though the latter participates in the 
action to a greater extent at the end than at 
the beginning of the movement. At the 
terminal part of maximal mouth opening 
MacDougall and Andrew (1953) found high 
electrical activity in masseter and the tempor- 
alis—probably a protective mechanism acting 
to prevent dislocation of the joint. | 

Elevation of the Mandible.—Elevation of the 
mandible is achieved by the co-ordinated con- 
tractions of the internal pterygoid, masseter, 
and temporalis muscles. Carls66 (1952) and 
Zwemer (1955) found that the primary muscle 
engaged in the habitual closing movement 
appeared to be the temporalis. Geltzer (1953) 
further deduced, from its myographic pattern, 
that this muscle has a stabilizing action on 
the mandible during forced closure. He noted 
in his investigation that the temporalis muscle 
appeared to attain its maximum potential of 
contraction before the limit of total mastica- 
tory force was achieved, and he reasoned that 
the temporalis initiated the closing movement 
but that the masseter muscle provided the 
power. 

The dominant role of the temporalis muscles 
in the initiation of mandibular movements 
was again observed by Perry and Harris (1954) 
in a comparative study of chewing in normal 
and Class II, division 1 occlusions. In the 
latter condition the masseters were frequently 
first to manifest activity. 

Zwemer (1955) studied variations in tem- 
poralis and masseter discharge in overclosure 
incident in cleft palate patients. The masseter 
muscle was found to show a greater propor- 
tional participation in mandibular closure to 
occlusal contact where large interocclusal 
clearance existed. With the restoration of 
normal occlusal clearance, the amplitude of 
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the masseter muscle returned to a discharge 
more nearly equal to that of the temporalis. 

Commenting on the observations of Geltzer, 
Perry (1955 b) emphasizes their consistency 
with the predictions of Sicher and certain 
muscle physiologists who feel that the masseter 
and other similar muscles are possessed of 
many short pennate fibres attached to vertical 
facial threads—giving a considerable cross- 
sectional area of muscle fibres—to provide 
muscular power. The temporalis, in contrast 
to this, is composed of longer fibres of a 
bipennate nature (Batson, 1953) to provide 
rapid movements. 

Centric relation* is not present at birth, 
but is established at the same time as the 
deciduous occlusion (Moyers, 1956 a). From 
this time to adulthood no changes are seen 
in the temporomandibular muscles except 
occasional transitory alterations in the internal 
pterygoid and temporalis muscles which occur 
at the mixed dentition stage. At this time 
occlusal interferences are many and_ the 
muscles have to learn new patterns of mandibu- 
lar closure to avoid interfering teeth (Moyers, 
1949). 

Lateral Movements.—Lateral movements of 
the mandible are brought about by the 
ipsilateral contraction of the temporalis muscle 
and the contralateral contractions of the 
external and internal pterygoid muscles. 

Protrusion.—Protrusion of the mandible is 
achieved by the simultaneous contractions of 
both the external and internal pterygoid 
muscles (Moyers, 1950). In protrusion con- 
siderable activity was recorded over both 
heads of masseter by MacDougall and Andrew 
(1953) and they suggest that it probably aids 
protrusion as well as having a synergic action— 
a view opposed to that of Robinson (1946). 
No support has been forthcoming for the 





* Centric relation is the postural position of the 
mandible in which muscle activity is minimal at a given 
vertical dimension. 

Muscle activity is least at the rest position, but at any 
other vertical dimension a position can be found electro- 
myographically in which muscle activity is minimal, and 
this position is the centric relation at that vertical 
dimension. In a correctly established dentition, centric 
occlusion (i.e., maximum interdigitation) of the teeth 
should coincide with centric relation at the vertical 
dimension of tooth contact. 
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opinion of McCollum (1943) that anterior 
fibres of temporalis are active in protrusion. 

Retrusion.—Retrusion of the mandible is 
effected by the contraction of the middle and 
posterior fibres of the temporalis muscle. 
MacDougall and Andrew (1953) found maxi- 
mum activity over the posterior fibres, which 
corroborates some of the findings of Pruzansky 
(1952) and Geltzer (1953). Vaughan (1956) 
disagrees completely with this attributed role 
of the temporalis muscle. His anatomical 
work, however, was carried out on cadavers 
and requires much clarification. 

Recent work of Carlsé6 (1956) has demon- 
strated activity in the lateral pterygoid— 
assumed to be stabilizing—during translation 
of a protruded mandible to the habitual rest 
position. 

In all movements of the mandible the 
suprahyoid muscle group has an important 
role in stabilizing the bone to achieve a more 
delicately adjusted action (Moyers, 1950). 

2. The Chewing Cycle.—An attempt to cor- 
relate activity and mechanical action of muscle 
portions under load was carried out by 
Carls66 (1952) in an investigation into the 
mandibular musculature. A consideration of 
the clinical application of his work suggests 
that an electromyographic analysis of the 
habitual chewing cycle would be of value in 
occlusal rehabilitation, on the basis that 
attention should be paid to functional as well 
as anatomical conditions. An occlusal recon- 
struction based only on an articulator analysis 
may result in the patient assuming positions 
and performing movements with a _ less 
efficiently balanced muscular activity. Carls66 
considers that mandibular movement is in- 
augurated and maintained by a specific plan 
—an innervation pattern—of muscle activity 
adjusted to the original occlusion. He com- 
ments that these patterns could probably not 
be changed without a complicated and systema- 
tic training period. 

Chewing Characteristics.—From clinical ob- 
servation individual human chewing character- 
istics may be classified as: (1) the hinge 
chewers, carnivorous type, using vertical 
movements of the mandible; and (2) the 
ruminants, herbivorous type, using lateral 
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masticatory strokes. Man, being omnivorous, 
should be able to carry out both actions 
without injury to any part of the chewing 
mechanism (Granger, 1954). It has been 
postulated that in the case of the “hinge 
chewers”’ the occlusions are in fact locked by, 
for example, a deep over-bite in the cuspid 
region—in the “ruminants” no such lateral 
interference being present. Pruzansky (1952) 
confirms this and he notes that the chewing 
“type” is not related to the incidence of good 
or poor occlusion. During his experiments 
involving gum-chewing in the buccal segment, 
differences were observed in the electromyo- 
graphical patterns which differentiated the 
**ruminants”’ from the “hinge chewers”’. 

Four questions are posed by Pruzansky :— 

1. Does the “hinge chewer” expend more 
muscular energy in chewing and, if so, does 
he possess a less efficient mechanism ? 

2. Will the electromyographic pattern 
change in the comminution of foods of varying 
physical consistency ? 

3. Can the electromyogram provide a 
measure of masticatory efficiency ? 

4. Will the innervation pattern of the 
“hinge chewer” change when his occlusion 
is freed ? 

Consideration of these questions requires 
methods of assessing electromyographic action 
potentials quantitatively, as weil as quali- 
tatively, together with a simultaneous record- 
ing of the forces of the oral musculature. 
An investigation on these lines is now pro- 
ceeding. 

Chewing and Occlusion.—The effect of the 
occlusion on the chewing cycle was considered 
by Perry (1955 a). He showed that in a normal- 
occlusion group the peak amplitudes achieved 
by the muscles during chewing were synchron- 
ous and in harmony—assuming that peak ampli- 
tudes occurred at centric relation. In a group 
exhibiting malocclusion this was not so, but 
a multiplicity of peak discharges, an in- 
coherence, was manifest, together with a 
greater proportional expenditure of energy. 
During the investigation it became evident 
that in normal and abnormal occlusions the 
greatest synchrony and harmony of the peak 
amplitudes occurred on the chewing side which 
































October, 1957 


The DENTAL PRACTITIONER 





the subject preferred. The work of Perry may 
be a positive indication of the effect on the 
neuromuscular system of premature tooth 
contact. 

The recent work of MacDougall and Andrew 
(1953) concerned an attempt to investigate 
myographically a supposition of Sir Arthur 
Keith (1920) that “molar mastication is wholly 
a temporal act”. They worked with a subject 
biting on a piece of rubber tubing inserted 
between the molar teeth. Whilst their observa- 
tion that this action was not wholly temporal 
may be valid, it cannot be inferred from 
this experiment that Keith’s statement is 
wrong. 

Summation of the current thought on the 
chewing cycle which is corroborated by 
electromyography points to the fact that 
muscle has a dominating functional role in 
mastication, and resists any degree of occlusal 
disharmony. 

3. Habitual Rest Position.—It has been 
postulated by Moyers (1956 b) that the rest 
position is the only reflex-controlled mandibu- 
lar position present at birth, it being main- 
tained by the nerve endings and muscles alone. 
From his own observations Carls66 (1952) 
inferred that the temporal muscle is_ the 
mandibular postural muscle in the habitual 
rest position and he also reported that in some 
experiments (1956) he found activity in the 
external pterygoid muscle. 

Moyers (1956 a) does not agree with the 
term ‘“‘rest position”; he prefers “postural 
position” of the mandible, for the muscles are 
not at rest. This is in accord with Carls66 
(1952), who reasons that complete relaxation 
of the elevators is impossible—they must show 
activity to counteract the force of gravity, 
but this activity is of such a small order that 
it is difficult to assess (Tulley, 1953). However, 
using surface electrodes, Perry (1955a) and 
Shpuntoff and Shpuntoff (1956), unlike 
MacDougall and Andrew (1953), were unable 
to record any electrical evidence of tonus in 
the habitual rest position—they found it an 
area of relative electrical inactivity. Record- 
ings from the suprahyoid and perioral muscles 
taken by Schlossberg (1956) also showed 


minimal activity. 


RELATION OF MYOGRAPHY TO THE 
DENTAL SPECIALITIES 


Electromyography has been proved useful 
in diverse clinical fields as a method of investi- 
gating normal and abnormal muscular function 
(Mills, 1950; Gellhorn, 1953; Taverner, 1955). 
Diagnostically, it can be used only on the 
basis of deviation from the known normal 
patterns of muscular activity; abnormal 
muscle giving rise to electrical changes with 
different characteristics. 

In perspective, as Pruzansky (1952) notes, 
the range of neuromuscular disorders is not 
the daily preoccupation of the dentist, but 
he has, in many ways, to cope with the 
modifying action of sensory and proprioceptive 
disturbances on the muscles of mastication 
and temporomandibular joint function. The 
individual compensates, consciously or un- 
consciously, his neuromuscular control of the 
temporomandibular articulation, and learns 
new muscle reflexes, when subjected to a 
changed occlusal pattern due to such factors 
as (a) tooth removal, (b) tooth drift, (c) over- 
built restorations, and (d) orthodontic and 
prosthetic appliances—a compensation integral 
in what Todd (1937) has termed “the com- 
pelling struggle of the human body for a 
state of equilibrium”. 

Perry (1955b) demonstrated electromyo- 
graphically that the unusual pain patterns 
sometimes complained of by patients with 
abnormal occlusal relations have a_ physio- 
logical basis of explanation and very few are 
of psychogenic origin. He claims the dis- 
comfort is a result of muscle spasm which 
may occur in the masseter, temporalis, and 
internal or external pterygoids. On correction 
of the occlusal relationship the irregular 
electromyographical pattern of the spasm 
diminishes and in some cases disappears. 

The central nervous system co-ordinates 
and guides mandibular movements relative 
to the prevailing anatomical conditions. 
Electromyography offers a means whereby 
the accommodation of the mandibular muscu- 
lature can be studied without interference in 
the muscle activity. It also allows one to test 
the presence of activity in a muscle, in 
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movements for which it is mechanically 
qualified and also in those movements for 
which it is not so qualified. Carlséé (1956) 
states clearly: “‘A purely mechanical investiga- 
tion of the functions of a muscle demonstrates 
only that the muscle possesses the mechanical 
capacity to effect one movement or another 
if it is called to function. Whether or not the 
muscle actually takes part in the movement 
is unknown. In movements as complicated as 
those of mandibular articulation it is impossible 
to form a picture of the muscular co-ordination 
simply from our knowledge of the mechanical 
potentialities of the muscle, since muscular 
co-ordination is controlled by the central 
nervous system.” 

Periodontia.—In occlusal rehabilitation the 
periodontist is concerned with repeated tooth 
contacts during non-masticatory movements, 
for it is these which cause most of the damage 
in cases of malocclusion. Jankelson, Hoffman, 
and Hendron (1953) have shown that in the 
presence of food tooth contact occurs only in 
centric relation. 

Eschler (1952) has investigated cases of 
severe periodontal disease by inserting needle 
electrodes in the mandibular musculature of 
sleeping subjects. He noted a _ continual 
discharge from the masseter muscle, thus giving 
support to the supposed aetiology of the peri- 
odontal breakdown as being over-application 
of occlusal load—factors also of importance 
to the prosthodontist. 

Prosthetics.—An understanding and clarifica- 
tion of the intricacies of mandibular move- 
ment as applied to the partially and fully 
edentulous subject can only be made when 
we understand what controls mandibular 
movement and how it operates. 

Orthodontics.—Orthodontic prognosis  re- 
quires a knowledge of the forces attending 
functional jaw movement in order to assess 
the stability of a newly established occlusal 
relation. 

Schlossberg (1956) considers that if electro- 
myography could be applied to the clinical 
diagnosis of Class II orthodontic cases the 
approach would be far more scientific and 
complete. In the past, he comments, the 
clinical approach to evaluation of perioral and 
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suprahyoid muscles in this’ type _ oi 
malocclusion has been by superficial palpation, 
observation, and speculation. Whilst agreeing 
that these methods are not sufficiently accurate 
to determine the status of the perioral and 
suprahyoid musculature it may be of value to 
recall Denny-Brown’s comment (quoted by 
Pruzansky) on the work of Sherrington; 
**direct vision and palpation served always to 
control the caprice and artifice of delicate 
apparatus”. 

The attempt to use the electromyograph as 
a diagnostic instrument is an attempt to 
consolidate the recognition of physiology as 
an integral part of dental thought and investi- 
gation—initiated by the studies of Hildebrand 
(1931), Thompson and Brodie (1942), and 
Kurth (1942). 


SUMMARY 
The place of electromyography in dental 


research is examined together with its relation- 
ship to the dental specialities. 

A survey is presented of electromyographic 
studies pertinent to dentistry. 
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STRESSES IN DENTURE BASES’ 


By E. A. WAIN, M.Sc. 


Department of Prosthetics, Turner Dental School, University of Manchester 


DURING the course of work carried out in this 
Department, a simple technique for measuring 
the stress distribution over the surface of a 
denture has been developed. Before discussing 
this method I think it would be instructive if 
we consider what factors contribute towards 
impairing the structural strength of a part. 
The factors involved may be listed as load, 
material, and shape. Although the part which 
the first two factors play is immediately 
obvious, the third is not always fully appre- 
ciated. By alteration of design it is sometimes 
possible to distribute the effect of the applied 
loads on each element of the material in a 
more uniform manner, thereby improving its 
strength. It is with strength versus design 
considerations that the techniques described 
in this paper are principally concerned. 

This concept is shown very well in the case 
of an ordinary tensile specimen which has a 
small notch cut in it. By analysing the stress 
distribution it will be found that at the base 
of this notch a higher stress is recorded than 
at any point of the specimen, and that if 
fracture is going to occur, this point will be 
its source. 

By eliminating this notch, the specimen can 
be strengthened out of all proportion to the 
change in design of the part. In the case of 
notched beams, a general principle is demon- 
strated, such that concentrations of stress are 
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manifested at points in the material where the 
surface contours are changing rapidly, and 
that the sharper the transition the higher the 
material is under load in this area. 

Having decided that such nuisances as 
stress concentrations may exist in structures 
under load, the question arises as to their 
location and elimination. Fortunately, a 
material under load deforms and for any 
given material there is usually a well-defined 
relationship between stress and strain which 
may be determined experimentally. If the 
strain (change in length per unit length) in a 
certain area of the structure is measured, the 
value of stress (force per unit area) operating 
may be calculated provided the stress-strain 
relationship up to that value of strain is 
known. 

One of the commonest methods used for the 
measurement of strain is the electrical- 
resistance strain gauge. For the benefit of 
those who are unfamiliar with this type of 
gauge its construction is illustrated in Fig. 1. 
Strains in the surface of the specimen are 
transmitted to the wire filament via the paper 
backing which is cemented to the surface 
of the specimen. This results in a change of 
resistance of the wire filament which is then 
measured by some associated electrical circuit. 

Before affixing this gauge to the surface of a 
specimen three factors must be considered :— 

1. Where to place the gauge. 

2. The size of the gauge to be used. 
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3. The orientation of the gauge with regard 
to the surface of the specimen. 

With regard to the first of these factors, 
unless the area of highest stress can be 
reasonably deduced from the design of the 
part—wellnigh impossible in the case of 


























t 
L 
Jy 


Fig. 1—Diagrammatic representation of 
gauge filament. L is the gauge length. 








strain 


prosthetic appliances—individual measure- 
ments must be made using a number of gauges 
placed over the whole surface of the specimen. 
This is costly in both time and money. We 
shall see later how brittle lacquer overcomes 
these difficulties. Stress can have both 
negative and positive values, i.e., it may be 
tensile and compressive. In a part where the 
stress is changing from point to point it will 
easily be seen that unless measurements are 
confined to small areas in relation to the size 
of the part erroneous conclusions as to the 
stress distribution may be deduced. The 
smaller the gauge length, i.e., the length L in 
Fig. 1, the more nearly we are able to 
appreciate the pattern of stress present. 
Ideally, in an area where the stress is changing 
rapidly, a strain gauge of infinitely small 
gauge length is required. It will be shown how 
brittle coatings approximate to this idealized 
requirement. 

Considering the two-dimensional system of 
stress acting in the surface of a part under 
load (the stress perpendicular to the surface is 
zero), the most general pattern of forces 
which may act on each element of material is 
one in which both normal and shearing forces 
are present. It is always possible, however, to 
find two directions mutually perpendicular in 
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which the fibres behave as though no shearing 
forces were acting; the fibres are either 
compressed or elongated, but not sheared. 
The stresses in these two directions are known 
as the major and minor principal stresses. 
From a knowledge of the strains in these two 
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Fig. 2.—Crack lines on calibrating beam. 


directions, the stress may be computed; 
furthermore, the stress acting in other direc- 
tions to these axes may be deduced. From 
strain measurements in these two directions, 
therefore, the pattern of force acting on the 
element of material at this point may be 
completely defined. Brittle lacquer indicates 
these directions. 

At this point I think it would be advan- 
tageous to consider the brittle lacquer method. 
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Briefly, the general technique is as follows: 
The lacquer is sprayed on to the test surface 
and allowed to dry. The test surface is then 
stressed and cracks appear in the lacquer 
wherever the tension stress exceeds a certain 
value defined by the threshold sensitivity 
of the lacquer (the threshold sensitivity is 
the value of strain elongation which causes 
the first cracks in the surface of the test 
piece). 

The interpretation of the crack pattern may 
be explained more easily by considering the 
pattern obtained on a calibrator beam after 
it has been coated and then stressed. The 
beam, which is simply a rectangular bar of 
steel, is placed in a calibrator which holds one 
end firmly and then by means of an eccentric 
roller the other end may be depressed a 
known amount. All values of strain from zero 
up to a maximum defined by the dimensions 
of the beam and depth of depression are 
obtained. The pattern of cracks formed in the 
lacquer on such a beam is as shown in Fig. 2. 
Here an accompanying strain scale calculated 
by using the usual cantilever beam formula is 
shown by its side. From this photograph the 
following conclusions may be drawn:— 

]. The lacquer cracks first at a certain value 
of strain defined by the strain sensitivity of 
the lacquer—for this particular coating, 
0-001 in. per inch. 

2. The cracks become denser as the strain 
is increased. 

3. The cracks run perpendicular to the 
length of the beam, i.e., perpendicular to the 
direction of the principal stress which is 
maximum and tensile. 

A photomicrograph of the sprayed lacquer 
coating is shown in Fig. 3. It may be observed 
that the coating is honeycombed with fine air 
bubbles (largest diameter approximately 0-003 
in.). These bubbles have the important 
function of acting as terminations for the 
cracks in the lacquer. Since there are a great 
many bubbles, each large crack is made up of 
a great number of small ones which are 
independent, and this adds to the accuracy. 

The recommended technique for a quantita- 
tive brittle lacquer strainlac examination is 


briefly as follows: The test specimen is 


sprayed with lacquer; the load is applied in 
increments to the test specimen, e.g., denture, 
until the first crack is formed. As soon as a 
crack is observed no further increments are 
applied, and the calibration beam, which was 
sprayed at the same time, is fully strained and 
the calibration noted. The lacquer is then 
chipped off, and suitable adjustments are 
made to the design of the part. The above 
experiment is then repeated. Comparisons of 
the calibrations obtained in the two instances 
indicate the relative structural strengths of 
the two designs. 

It has been found that the cracks are easily 
seen when the load is applied, but disappear 
when it is removed, since they have closed up 
again. To overcome this, it might be thought 
possible to develop these cracks by applying a 
solution of a neutral dye (i.e., one which does 
not affect the lacquer). However, a difficulty 
is encountered in the formation of the cracks 
since they do not run out to the surface. 
Before the cracks can be developed with a 
dye, it is necessary to etch this surface away, 
and the etching process affects the lacquer. 

For a visible test specimen the above 
technique is practicable, but in the case of a 
denture loaded in the patient’s mouth this is 
obviously not so. Even though it is possible 
to load the denture incrementally (by measur- 
ing the distortion of the denture at some 
convenient point on its surface with a resistance 
strain gauge) the formation of the first crack 
cannot be observed. Experiments are in 
progress designed to detect the formation of 
the first crack electrically. 

When strain gauges are used in conjunction 
with the lacquer this problem does not arise; 
the only important condition is that the lacquer 
should be sufficiently sensitive for cracks to 
form at a convenient level of strain. 

Summarizing this technique, which has been 
used to date, results are as follows:— 

1. Using brittle lacquer the direction of the 
principal stresses may be observed at every 
point, using the property that the cracks run 
perpendicular to the direction of the principal 
stress which is maximum and tensile. 

2. Strain gauges may then be cemented 
on to the surface (4 in. gauge length) and 
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suitably orientated, one being placed in the 
direction of the maximum principal stress, 
the other at right angles in the direction 
of the minor principal stress. From _ these 
two measurements the stress system acting 
in this area may be computed. 

3. The gauges may be placed at the most 
advantageous points, using the property that 
a high density of crack formation in the 
lacquer indicates a point of high stress. 
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Fig. 3.—Photomicrograph of sprayed 
coating. Note air-bubbles. 
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Fig. 5.—Stress lines arising from mid-incisal notch. 


Qualitative use of the lacquer has provided 
some useful information as to the distribution 
of stress in dentures during masticatory 
loading. In some cases brittle coatings used 
qualitatively will give a quick and easy test as 
a guide to the need for primary modifications. 
It has been found that no cracks appear on the 
labial aspect of the denture; they are confined 
to the palatal aspect. This does not imply 
that the labial aspect is a stress-free area, but 
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that the magnitude of the tensile stresses is 
always greater in the palatal aspect and. 
furthermore, the area lingual to the incisors is 
the most heavily stressed; where cracks 








. 


Fig. 4.—The lacquer crack pattern reveals heavy 
bite on side opposite cracks. 
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Fig. 6.—Enlarged view of Fig. 5. 
appear in the palate they are never as dense 
as those lingual to the incisors. 

Fig. 4 shows the crack formation on a 
denture which was loaded asymmetrically, 
as indicated by the absence of lines on the 
left side of the palate. The patient noted that 
the occlusion of the denture was such that 
contact was made prematurely on the right 
side, i.e., the left side of the denture was then 
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distorted during a bite, which would account 
for the cracks appearing on this side. This 
asymmetry of loading is also responsible for 
the deviation towards the left side of the 
direction of the cracks lingual to the incisal 
space. 

Many materials, and acrylic resin is no 
exception, show notch sensitivity, i.e., small 
notches in the material are capable of reducing 
the strength of a part considerably. This is 
illustrated in Fig. 5 where cracks appeared at 
the base of the incisal notch (palatal side) 
which had previously been enlarged with a 
saw-cut. These cracks were the only ones 
present on the denture and were produced 
under a small centric occlusal biting-load. 
A photomicrograph (Fig. 6) of the base of 
this incisal notch shows the cracks running 
from the apices of the fine serrations produced 
by the saw-blade. From a number of experi- 
ments carried out it is felt that the incisal 
notch is a prime contributory factor in mid- 
line fracture and that it is at the base of this 
notch that the fracture originates. This was 
substantiated recently when a patient pre- 
sented a denture for repair in the condition 
shown in Fig. 7. No doubt if the patient had 
not been sufficiently observant, further applica- 
tion of force would have elongated the fracture 
to encompass the labial aspect of the 
denture. 

It would appear from these preliminary 
experiments that a deep incisal space is to be 
avoided and that the area lingual to the 
incisors should be constructed with a maximum 
permissible cross-section area, as this region 
of the denture is the most heavily stressed 
during masticatory loading. 


The distribution of residual stresses may 
also be appreciated very quickly by using 
brittle lacquer in a manner similar to that 
used in tensile tests. After coating the part 
with lacquer, a hole approximately { in. 
in diameter is drilled to a depth of about 


7; in. Relaxation of stress around the hole 





Fig. 7.—Denture worn for two years reveals palatal 
fracture. Note absence of labial extension. 


produces a crack pattern depending on the 
state of residual stress. It has been found 
necessary to chill the resin in a stream of cold 
air to bring out this pattern. As yet this type 
of work is only in the preliminary experimental 
stages, but to date the results have been 
promising. 

In conclusion [ would like to add that 
details of the use of the lacquer employed in 
these experiments have been published in the 
British Dental Journal, and a report of this 
work has also been published in Nature. 





REFERENCES 


MATTHEWS, E., and WalIn, E. A. (1956), Brit. dent. J., 
100, 7. 
Wain, E. A. (1955), Nature, 175, 1082. 





Age at which Deciduous Teeth 


are shed 


From studying a group of 1427 boys and 
1365 girls between the ages of 5 and 13 years, 
the authors draw the following conclusions :— 

1. Children with a superior socio-economic 
background are inclined to shed their deciduous 
teeth earlier than others. 

2. Boys shed their deciduous teeth an 
average of five months later than girls. 


3. The deciduous teeth in the upper jaw 
are shed an average of 85 months later than 
corresponding teeth in the lower jaw. 

4. The sequence in which the deciduous 
teeth are shed is the same for boys and girls. 

5. Estimates of the interval between 
shedding deciduous teeth and the eruption of 
corresponding permanent teeth are made, the 
interval being greatest for the molar teeth.— 
CLEMENTS, E. M. B., Davies-TuHomas, E., and 
PickeTT, K. G. (1957), Brit. med. J., 1, 1508. 
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THE AETIOLOGY OF MALOCCLUSION—AN 
ASSESSMENT” 


By Professor C. F. BALLARD, F.D.S. D.Orth. R.C.S., M.R.C.S., L.R.C.P. 


THIs paper is a continuation of the main theme 
of Mr. Hovell’s Presidential address of last 
year. I make no excuse for this. It is evident 
that undergraduates rely on text-books for 
their information and such text-books still 
over-emphasize the aetiological factors which 
were taught between twenty and forty years 
ago, and on which, as Mr. Hovell pointed out, 
treatment could only be purely empirical. My 
aim this evening is to attempt to put together 
briefly the logical conclusions reached by those 
who have been studying morphology in rela- 
tion to malocclusions. Most of the evidence for 
these conclusions has been produced in various 
papers which, in my opinion, undergraduates 
should be told to read. I am not, therefore, 
going to quote references in support of the 
statements that I make. The main purpose 
of my paper is to stress the fact that all the 
available evidence accumulated over the last 
twenty years leads inevitably to the conclusion 
that inherited variations are the cause of the 
majority of malocclusions and that there is no 
evidence that the individual is as plastic in its 
environment as many of the text-book aetio- 
logical factors require. I would point out 
that we have now gone a full circle in that 
originally the main reason for querying 
accepted theories was the fact that they did 
not produce satisfactory results when applied 
to treatment planning. The hypotheses which 
we now put forward as a result of applying 
present-day biological principles to clinical 
experience do produce satisfactory results 
when applied to treatment planning, and this 
factor in itself is overwhelming evidence that 
the hypotheses are correct. 

It would appear that, in London anyway, 
interest in the relationship between orofacial 
activity and malocclusions began about twenty 
years ago. In 1935 Miss Van Thal at the Royal 
Dental Hospital was interested in the relation- 
ship between minor defects of articulation and 
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malocclusion; her conclusion in line with 
present-day thought was that the malocclusion 
was not the cause. It is highly probable that 
my interest in orofacial behaviour was stimu- 
lated by Miss Van Thal’s work. 

It is interesting to note that in 1937 
Froeschels found that an interdental sigmatism 
and open bite were caused by lack of tongue 
control and not that the malocclusion caused 
the sigmatism and appearance of abnormal 
tongue behaviour. 

In 1945 Gwynne-Evans reported on the 
work of an Upper Respiratory Clinic. No 
doubt he had been observing and recording 
orofacial behaviour in relation to upper 
respiratory disorders for some years prior to 
this date. 

Rix published his observations in 1946, 
but again these were most probably the result 
of many years of clinical observation. 

However, the important thing is that over 
the last twenty years our clinical study has 
led us to produce a broad classification of 
postural patterns and patterns of motor 
activity. It must be realized that variations 
are infinite, and that as the number classified 
grows, the picture of distinct types disappears. 
However, the classification has been of 
tremendous importance because it has enabled 
us to record as never before the morphological 
features and the patterns of motor activity of 
the infant and growing child in a way that 
could only be done better, but at prohibitive 
cost, by cinematography, although cinema- 
tography has played an important part 
in the investigation of posture, activity. 
and the demonstration of the types. What 
has not been stressed in the past, but which is 
no doubt obvious to most of you, is the impor- 
tance that lateral skull radiographs have 
played in our analysis of soft-tissue morpho- 
logy. By means of this technique we have 
been able to:— 

1. Relate the pattern of the dento-alveolar 
structures to the soft tissues and to the 
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skeletal pattern, and to record for future 
reference. 

2. Watch the individual characteristics as 
the child grows into an adult. 

3. Compare variations in families and even 
recognize racial characteristics. 

Furthermore, our lateral skull radiographs 
and our classifications of morphology have 
enabled us to record detailed descriptions of 
individuals before treatment so that we could 
assess whether there had been any change of 
morphology as a result of treatment and, 
what is even more important, so that we could 
assess the causes of our failures in relation to 
the morphological patterns. 

As a result of studying relapses in a large 
number of cases, it became obvious that we 
had to reassess the whole aetiological basis of 
malocclusion, and, applying biological prin- 
ciples to our clinical observations, the following 
hypotheses were evolved :-— 

1. That each individual soon after birth has 
a characteristic skeletal morphology that does 
not change significantly throughout the grow- 
ing period. 

2. That no_ orthodontic 
change this skeletal morphology. 

3. That soft-tissue morphology, and in 
particular the patterns of motor activity used 
for speech, expressive behaviour, and feeding, 
are equally characteristic of each individual and 
do not change. 

4. Any attempt in orthodontic treatment to 
put the dento-alveolar structures in a position 
which is not in balance in these unchanging 
and unchangeable characteristics leads _ to 
relapse. 

When we talk about soft-tissue morphology, 
it is important to realize that we mean not only 
the size and shape of the soft tissues overlying 
the bone, but also their posture when they are 
in their endogenous postural position. The 
term “endogenous postural position” has 
previously been defined (Ballard, 1955) and 
the reason for its use argued. Clinically, there 
is, as a general rule, no difficulty in determining 
its position both in the case of the lip and 
tongue posture and the mandibular posture. 

The endogenous postural position is the same 
as the rest position. Tulley (1953) said that: 


treatment will 


** Electromyography is not able to show any 
significant action potential from a resting 
muscle.” 

In 1955 Perry said: “Rest position . . . is 
an area of relative electrical inactivity,’ and 
Shpuntoff and Shpuntoff (1956) defined physio- 
logical rest position as being when muscles 
are “silent”. They say, however, that the 
recording of rest position is influenced by 
posture. The patient should be sitting or 
preferably standing upright. This seems to me 
to represent the crux of the matter. The 
endogenous postural position arises from 
within the central nervous system and is main- 
tained, I believe it will be shown, when the body 
as a whole is in abnormal position or in an 
unusual relationship to gravity. Under these 
circumstances, however, the muscles will not 
be electrically silent. I shall be referring to 
this again later. 

The important point, however, is that, as 
I previously pointed out, the mandible has 
an endogenous postural position, and it is this 
position plus the skeletal morphology which 
determines the vertical dimensions of the 
maxillo-mandibular space into which the dento- 
alveolar structures will grow to produce an 
occlusion. It is of fundamental importance 
to realize that occlusion does not determine 
the posture of the mandible, and that the 
occlusal level is determined as a result of the 
physiological interaction between :— 

1. Reflex control of the endogenous masti- 
catory patterns of activity; and 

2. Occlusal stresses controlling growth of the 
dento-alveolar structures across the maxillo- 


. mandibular space. 


As Thompson (1946) has shown, this 
physiologically established occlusal level is, as 
a general rule, a position 2-3 mm. closed from 
the endogenous postural or “‘rest position ’’— 
a normal interocclusal clearance. 

It is now evident that not only is there a 
**normal”’ occlusal level established, as stated 
in each individual, but that the “‘normal” 
anteroposterior and lateral relationship of the 
mandible to maxilla in occlusion can also be 
defined in relation to endogenous postural 
position. We now recognize a normal path 
of closure which clinically appears to be a 
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hinge movement around the condyles. Electro- 
myographically there is symmetrical activity of 
the closing muscles of mastication to take the 
mandible through this path of closure. A 
term which represents the mandible to maxilla 
relationship in a vertical plane is “centric 
jaw relationship”. The endogenous postural 
position is a centric jaw relationship, and so 
should be the final occlusal position. (A posi- 
tion of maximum cuspal interdigitation.) We 
are now in a position to visualize how an 
occlusion is established. The dento-alveolar 
structures grow vertically directed between 
the linguo-facial balance of soft-tissue morpho- 
logy and patterns of motor activity, the 
occlusal level being established as already 
explained, but the final positioning of the 
teeth being obtained by cuspal interdigitation. 
The mandible does not adjust its position to 
the teeth. The teeth adjust to centric jaw 
relationship. To avoid trauma to the support- 
ing structures, their position must also be, 
within very fine limits, the position of balance 
linguo-facially in soft-tissue morphology and 
patterns of activity. What occurs when this is 
not so will be discussed later. It is obvious 
from what I have just said that I do not 
agree with Moyers (1956) when he says that: 
“Centric relation is the position of the 
mandible as determined by the neuromuscular 
reflex first learned for controlling mandibular 
position when the primary teeth were in 
occlusion.” The centric position is not 
learned; it is endogenous or innate. 

The point to be stressed is that the analysis 
of the relationship of the mandible to maxilla 
at rest or moving through the normal path of 
closure to occlusion must be analysed from the 
endogenous postural position. The significance 
of this will be appreciated when I refer to 
habit activities and habit postures. 

Sherrington said “all movement begins 
and ends in posture”. When discussing 
orofacial activity, it must be the endogenous 
posture from which we begin and end our 
analysis of motor activity when making a 
diagnosis. This also applies to the soft 
tissues of the tongue, lips, and cheeks. With 
regard to the lips and tongue, again there is a 
postural position which is a_ physiological 
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resting or endogenous postural position. This 
must be assessed with, as a basis, the mandible 
in its endogenous postural position. 

It must be clearly understood what is meant 
by habit postures and activities, as they are 
important variations of orofacial behaviour. 
A habit posture is one which is maintained 
either reflexly or consciously. It does not 
permanently replace the endogenous postural 
position in the central nervous system. 
Removal of the reflex afferent stimuli or loss 
of conscious control will immediately result 
in reversion to the endogenous postural posi- 
tion. Similarly a habit activity is a reflex or 
conscious control of the endogenous patterns 
of motor activity and again the more basic 
patterns are not eliminated from the central 
nervous system (Ballard, 1955). The postures 
and activities associated with the incompetent 
lip posture illustrate these points very well. 
The open lip posture is the endogenous one, 
it is not due to lack of tonus in the muscles. 
To produce an anterior oral seal circumora! 
contraction is required. The habit posture 
may be induced reflexly without conscious 
effort; how this occurs it is not possible to say, 
it may be that sensory contact of the lips 
provides the afferent part of the reflex, the 
original contact being made during swallowing; 
it may be that there is an innate drive to 
maintain an anterior oral seal if possible. In 
some individuals with more severe degrees of 
incompetent lip morphology, the circumoral 
contraction can only be maintained by 
conscious effort. In some cases this may 
appear to be replaced by reflex maintenance 
after a time. It is now obvious why the lip 
exercises with which we used to annoy parents 
and young children failed so uniformly in their 
purpose and only succeeded in producing 
frustrated children and parents. 

Similarly, the open lip posture results in a 
habit pattern of activity during swallowing to 
produce an anterior oral seal; sometimes it is 
just an increase in contraction of the circum- 
oral muscles, but quite frequently the tip of 
the tongue also plays a part by coming between 
the teeth to contact the lower lip. This is not 
to be confused with the endogenous tongue- 


thrusting activity (Ballard, 1955; Fieux, 1953). 
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There may be some criticism of the use of the 
term “habit posture” because in the main- 
tenance of a habit posture there is muscle 
activity. The resulting position, however, is 


static. I am open to correction if a more 
physiological term is available. 
Habit postures have been discussed 


previously (Ballard, 1955) and more recently 
those in association with Class II, division 1 
malocclusions (Ballard, 1957 a) and Class II, 
division 2 (Ballard, 1957 b) have been 
further described and illustrated. Habit 
activities of the mandible were discussed in 
1954 (Grewcock and Ballard), and I shall have 
to refer to them when dealing with other 
questions. It is important to recognize the 
difference between habit postural positions of 
the mandible and the occlusal position after 
displacement due to abnormal occlusion from 
the endogenous postural position. In the 
former the mandible moves from the habit 
postural position through an abnormal path of 
closure to an occlusion which is a centric 
jaw relationship. In the latter the mandible is 
in centric jaw relationship in the postural 
position and displaces into occlusion. The 
failure to recognize habit postural positions 
has resulted in wrong inferences being drawn 
as to results of treatment and incorrect con- 
clusions being drawn from electromyographical 
recordings. 

Similarly, the variations of orofacial morpho- 
logy and motor activity and correlated skeletal 
morphology as the aetiological factors in the 
production of Class II, division 1, Class II, 
division 2, and Class III cases have been 
described already in published papers, or 
will be described in papers about to be 
published. 

All I wish to emphasize again is that the con- 
clusions reached are the result of twenty 
years of observation, the most important 
single factor in these observations perhaps 
being an ability to assess exactly how the 
morphology has caused relapse of treated 


cases. This has removed empiricism from 


present-day treatment planning. 

I now wish to discuss and criticize some of 
the theoretical aetiological factors of text- 
books, and at the same time illustrate the 





points [ have made and fill in some of the gaps 
left by the papers previously published. 

Much confusion has arisen because terms 
which were adequate fifty years ago are still 
used but they do not describe accurately any 
distinct morphological character, behaviour of 
motor activity, or position. As I proceed, 
therefore, I shall attempt to _ define 
terms which I believe must be brought into 
our present-day language for clear thought. 

Little which appears logical has been written 
so far about the vertical relationship of the 
teeth. I quote from White, Gardiner, and 
Leighton (1954) :— 


“Close Bite—Appears to be overclosure of mandible 
and failure on part of posterior teeth to reach proper 
eruptive height. The anterior teeth may then appear to 
have over-erupted and to present a deep overbite. The 
opinion is here expressed that many of these cases really 
present a condition of open bite in the posterior segments 
of both sides of the dental arches and thus when the 
posterior teeth are occluded the anterior teeth will 
naturally present a deep overbite.” 


Now, if we begin from the endogenous 
postural position, we immediately have a basis 
from which it is possible to ascertain where 
the fault lies, and therefore what treatment, 
if any, is likely to be successful. 

First, the supposition in the above quote 
is that the excessive incisor overbite, or “‘ close 
bite”’ as it is frequently called, is the result of 
failure on the part of the posterior teeth to 
prop the jaws open. However, the majority 
of orthodontic cases showing excessive incisor 
overbite have an occlusal Jevel which bears 
the correct relationship to the endogenous 
postural position. Furthermore, lateral skull 
radiograph analysis of excessive incisor over- 
bite cases demonstrates quite conclusively 
that the incisor abnormality is due to either 
an abnormal axial inclination of the teeth 
from normal dental base relationship, normal 
axial inclination, and abnormal dental base 
relationship, or a combination of the two 
variations preventing normal incisor occlusal 
relationship; an occlusion being necessary to 
control vertical development of the dento- 
alveolar structures. 

This was originally pointed out by the author 
(1948) and has been reiterated in later papers 
on Class II, division 1 and Class II, division 2 
cases (Ballard, 1957 a, b). The importance of 
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appreciating the true nature of excessive 
incisor overbite is, of course, that treatment 
to open the bite by producing vertical develop- 
ment of the buccal segments will fail for two 
reasons :— 

1. That no change in axial inclination of the 
incisor teeth or anteroposterior relationship of 
the dental base is being produced to establish 
an occlusion. 

2. Any vertical growth of buccal segments 
that does occur temporarily and which en- 
croaches on the interocclusal clearance will 
relapse as soon as the appliance is removed. 

These facts may be obvious to most of you, 
and yet how often does one see both ortho- 
dontists and periodontists treating excessive 
incisor overbite cases with bite-plates or, what is 
worse still, some overlay appliance on the 
posterior teeth which encroaches on a normal 
interocclusal clearance. It is easy to demon- 
strate that such an appliance produces in a very 
short time depression of buccal segments to 
restore the normal occlusal level for the 
individual. 

Now to deal with abnormalities of the 
vertical development of the cheek teeth: Any 
failure in vertical development of the cheek 
teeth to establish a normal occlusal level is 
due to either:— 

1. A bilateral displacing activity, originally 
described by J. R. Thompson (1946), and the 
physiological mechanism suggested by Ballard 
and Grewcock (1954); or 

2. A rare condition of failure of vertical 
development of the dento-alveolar structures 
across the maxillo-mandibular space—in other 
words, a posterior open bite mentioned by 
Gardiner, Leighton, and White. 

The first was dealt with, as already stated, 
by Grewcock and Ballard (1954), but I wish 
to reiterate some of the points in order to be 
able to define some terms. As already stated, 
the occlusal position of maximum cuspal inter- 
digitation should be on a normal path of 
closure, in other words, at a centric jaw rela- 
tionship. At this position no lateral thrust 
should be put upon the supporting structures 
of the teeth. If when the mandible closes on a 
normal path of closure cuspal contacts between 
two or more teeth are such that abnormal 
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lateral stresses are thrown upon the suppori- 
ing alveolar structures, then one of two things 
may happen. Either there may be a reflexly 
established habit activity which displaces the 
mandible and so protects the teeth in abnormal 
position and their supporting structures from 
trauma. An occlusion of maximum cuspal 
interdigitation is then established in this 
displaced position. Alternatively, if for some 
reason the mandible cannot displace, the teeth 
which are the subject of the abnormal contact 
will displace. These teeth are in traumatic 
occlusion, but the resulting position of maxi- 
mum cuspal interdigitation is a centric jaw 
relationship. 

The displacing activity is a reflex distur- 
bance of the endogenous patterns of masticatory 
activity. By putting together the evidence of 
clinical observation, lateral skull radiograph 
analysis of the various positions and electro- 
myographical analysis that has been reported 
in such cases, it is possible to state that when 
there is a bilateral displacing activity the 
disturbance of the endogenous patterns of 
masticatory activity is such that there is 
control of vertical development of the dento- 
alveolar structures at an overclosed position. 
There is an excessive interocclusal clearance. 
If this is appreciated we are now in a position 
to define two terms and I suggest discard a 
third. 

To J. R. Thompson (1954) must, I believe. 
be given the credit for distinguishing between 
“premature contact” and “initial contact”. 

Premature contact is that which occurs 
within the normal interocclusal clearance and 
does not produce a displacing activity. The 
teeth are traumatized; they move and permit 
the mandible to occlude in centric jaw relation- 
ship. Initial contact is that which occurs 
nearer the correct occlusal level, perhaps at it. 
and from which there is a displacing activity. 
It is possible for both to occur with some 
abnormal contacts, a sufficient amount of 
displacement not being possible to avoid 
some trauma. The term “centric occlusion” 
is used for any occlusion which is one of maxi- 
mum cuspal interdigitation whether it is a 
centric jaw relationship or a displaced posi- 
tion. Because it is not necessarily a centric 
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jaw relationship, I suggested it be discarded. 
(See also Bell, 1957.) 

Failure of the dento-alveolar structures to 
develop vertically across a maxillo-mandibular 
space the dimensions of which are within the 
normal is a comparatively rare condition. It 
may be localized to one buccal segment so that 
there is a true open bite, or it may involve the 
whole of both arches, in which case there 
would be an overclosure not necessarily associ- 
ated with excessive incisor overbite. 

Before leaving the subject, I feel that I must 
criticize three terms in common use, and suggest 
that they be dropped. 

The first is “‘close bite”. It should be 
obvious from what I have said that this term 
cannot be used diagnosticaliy because to some 
it may mean overclosure, and to others it may 
mean excessive incisor overbite. Then by 
inference some people seeing an excessive incisor 
overbite call it a close bite, and think that 
the cause is failure of vertical development 
of the cheek teeth. Again the prosthetists, 
in particular, seem to use the term “close 
bite’ when in fact they mean an _ over- 
closure. 

The second term is “‘over-eruption”. When 
a part of an arch does not occlude with the 
opposing arch at the correct occlusal level, the 
teeth do not over erupt, but the whole dento- 
alveolar structure develops vertically. When 
such a part of the arch is depressed by an 
appliance, one does not push the teeth back 
into the alveolus, so reducing the depth of the 
clinical crown, one depresses the whole dento- 
alveolar structure. 

And finally, the term “exaggerated curve 
of Spee”. The curve of Spee, if there is such 
a thing, is produced by the combined factors 
of masticatory patterns of activity and the 
occlusal contacts of the teeth. When the lower 
labial segment develops vertically beyond the 
level of the cheek teeth, it is doing so because 
the abnormal labial segment relationship did 
not result in an occlusion. Its final position 
in contact with either tongue or roof of the 
mouth, therefore. is not established as the 
result of masticatory activity. It is not a 
part therefore of the curve of Spee. 
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Now to deal with “‘open bite”. 


It is now evident, when assessing on a 
morphological basis, that anterior open bite 
is due to two main factors. One is soft-tissue 
behaviour, and the other is skeletal morpho- 
logy. Factors under the first heading are 
well known to most of you. It covers tongue 
thrusting, a postural position of the tongue 
between the teeth and finger, and thumb- 
sucking. Unless the tongue-thrusting behaviour 
is extreme, this type of anterior open bite tends 
to improve without treatment (Ballard, 1957 a). 
It certainly improves if the main factor is 
thumb-sucking and this ceases, although I am 
personally doubtful as to whether thumb- 
sucking would produce an extensive open bite 
unless associated with a _ tongue-thrusting 
behaviour. The reason for this view is that in 
the majority of cases where there is an extreme 
degree of open bite associated with thumb- or 
finger-sucking, when the finger- or thumb- 
sucking ceases the open bite remains, and there 
is a tongue-thrusting pattern of activity in 
swallowing. 

The anterior open bite due to the skeletal 
morphology, however, is the one in which there 
has been as much theorizing on aetiology as 
there has been in the case of close bite. By 
observing the skeletal morphology and the 
pattern, as it were, of the maxillo-mandibular 
space in relation to the rest position, it is now 
evident that this type of anterior open bite 
is associated with a typical pattern of skeletal 
morphology. It is not due to short ascending 
rami, the occlusion on the posterior teeth 
then propping the mandible open or even 
bending the mandible at the angle as some 
theories suggest. The typical skeletal morpho- 
logy is a high gonial angle, a maxilla which 
is short anteroposteriorly, and there is almost 
invariably anteroposterior crowding in the 
maxillary arch in such cases. This combina- 
tion of factors produces an extreme degree of 
depth of the maxillo-mandibular space in the 
labial segment region. It would then appear 
that the dento-alveolar structures grow verti- 
cally, but the inherent growth fails before this 
deep maxillo-mandibular space has _ been 
closed. This hypothesis is supported by the fact 
that in such cases if one attempts to pull 
the labial segments together, no _ further 
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growth of alveolar bone can be stimulated 
and the teeth tend to become loose. It is un- 
fortunately possible to have this_ typical 
skeletal morphology associated with a tongue- 
thrusting activity, and in such cases some 
improvement might remain stable, which 
appears to contradict my statement. As I have 
said, cephalometrically it is possible to show 
that the ascending rami are not short. In such 
cases one cannot accept the suggestion that 
the molars prop the mandible open because the 
occlusal level bears its correct relationship 
to the endogenous postural position. We must 
all know from clinical experience how futile it 
is to attempt to reduce and close the anterior 
open bite by extracting or grinding cheek teeth. 
The typical skeletal morphology that I have 
just described is very like that, which some 
books infer is caused by rickets. It is, of course, 
a common skeletal morphology associated with 
the type of Class III occlusion which one sees 
so frequently in the Scandinavian countries, 
particularly Sweden. No one would suggest 
that such a variation in Sweden can be due to 
malnutrition. Admittedly, this type of skeletal 
morphology is a combination of variations 
resulting in the overall pattern being far from 
the average, but our observation and classifica- 
tion of variations shows a smooth distribution 
to such extremes. For this very reason I, 
myself, cannot accept the fact that even the 
extremes which we see fairly frequently are 
due to environmental factors. 

I have just mentioned habits of finger- and 
thumb-sucking. It would be as well if I 
reiterated that as the result of relating varia- 
tions of morphology and orofacial behaviour 
to malocclusions, one inevitably comes to the 
conclusion that finger- and thumb-sucking are 
not important aetiological factors. It occurs in 
normal occlusions and produces no abnormality 
whatsoever except perhaps a very slight 
asymmetrical open bite. It occurs in Class III 
cases, Class II, division 2 cases, and in Class II, 
division 1 cases. When it occurs in Class IT, 
division 1 cases the tendency on the part of 
the observer is to ignore the other morpho- 
logical features and assume that thumb-sucking 
is the one and only cause. However, we know 
now from clinical experience that it is the 
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other features which determine the stable 
end-result of our treatment, and by deductive 
reasoning, therefore, one can state quite 
positively that finger- and thumb-sucking 
does not produce a Class II, division 1 mal- 
occlusion, but only tends to complicate it 
perhaps by exaggerating the increase of 
overjet, or if the thumb is sucked unilaterally 
it may result in a greater forward movement 
of one buccal segment than the other in the 
maxillary arch. 

Another text-book habit is that of biting the 
lower lip. I have never seen an abnormality 
produced by this habit. The cases which are 
shown in the text-books purporting to be lip- 
biting habits are quite obviously cases in which 
there is either a postnormality of mandibular 
dental base with the lower lip inevitably 
tucked in underneath the upper incisor teeth. 
This may be associated with a lip to tip of 
tongue contact as a habit posture to assist in 
the production of the anterior oral seal. Or 
alternatively, the case may be one in which on 
a Class II dental base relationship there is a 
typical expressive behaviour of contraction 
of the lower lip against the lower labial seg- 
ment and an eversion of the upper lip. This 
results in a labial segment relationship which 
is an increased overjet, the lower lip again 
having to fill this gap. 

The theory that mouth-breathing produces 
malocclusions should have been eliminated 
from teaching many years ago. In 1929 Brash 
said: “There is no satisfactory proof that the 
presence of adenoids, the diminution or absence 
of nasal breathing, or the constant habit of 
mouth-breathing can affect the form of the 
jaws or the position of the teeth in any of the 
ways that have been suggested. It has still to 
be proved that there is any significant correla- 
tion between the presence of adenoids and the 
incidence of deformities of the jaws and 
palate.” 

In 1932 Warwick James and Somerville 
Hastings reported that the open lip posture 
was not necessarily associated with mouth- 
breathing. The work of Gwynne-Evans and 
our study of tongue and soft palate posture from 
lateral skull radiographs and clinical observa- 


tion has confirmed that mouth-breathing 
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does not produce a malocclusion. It has 
also shown why the open lip posture is not 
necessarily associated with mouth-breathing. 
In such cases there is a normal posture of 
tongue, 1.e., it is in contact with the soft palate 
producing a posterior oral seal. This is seen so 
frequently in the incompetent lip posture 
which used to be called the adenoidal facies, 
that it is now evident that this open lip posture 
is not in any way related to chronic nasal 
obstruction. It is not a habit pattern of 
activity induced by chronic nasal obstruction, 
it is not lack of tone in the orofacial muscles; 
it is, in fact, an inherited soft-tissue morpho- 
logy which has normal tone of the muscles. 
The other important fact that has arisen is 
that the children who attend the Upper 
Respiratory Clinic of Mr. Gwynne-Evans 
presenting chronic nasal obstruction either 
due to chronic allergic rhinitis or to chronic 
obstruction due to adenoidal enlargement are 
a fair cross-section of all the variations that 
one sees in the population. In other words, 
all the abnormalities or variations can have 
chronic nasal obstruction for years, but they 
do not change their morphology to the in- 
competent lip posture or to the contracted 
maxillary arch with the retruded mandible of 
the text-books. It is probably unfortunately 
true to say that a large number of children 
have their tonsils and adenoids removed 
simply because they have incompetent lip 
posture, the supposition being that they are 
mouth-breathers. The complaint afterwards 
being, of course, that having had their tonsils 
and adenoids removed at great expense they 
still appear to be mouth-breathing. 

Bottle-feeding is sometimes given as a 
cause of a contracted upper arch and a 
prominent premaxilla. I do not see how 
bottle-feeding can contract the arch of the 
neonate because there is no arch. We see all 
varieties of morphology associated with bottle- 
fed infants and therefore it cannot be an 
aetiological factor. 

Another statement which one frequently 
hears is that early loss of deciduous teeth 
results in underdevelopment of the jaws. The 
results of our lateral skull radiograph study 
of cases suffering from early loss of deciduous 


teeth show us in fact exactly what happens 
and demonstrates that this supposition is 
entirely unsound. The skeletal morphology 
does not change; what happens is that the 
dental arch in most cases collapses. It collapses 
because, again, in most mouths the labial 
segments are supported against the lip to a 
limited extent by contact with the buccal 
segments. When this contact is lost the labial 
segments drop lingually, not an indefinite and 
progressive amount, but to a degree which is 
directly proportional to the support the buccal 
segments give to the labial segments. Further- 
more, the posterior teeth tend to drift forward. 
But again it is obvious that when we relate 
variations in amount of drift to the morpho- 
logical features which determine arch length 
there is a relationship between the amount that 
the teeth drift forward and the amount of 
space for successive teeth posteriorly. For 
instance, take the extremes, if the labial seg- 
ments are in a position of bimaxillary pro- 
clination with a long arch and spaced from the 
buccal segments, then loss of cheek teeth does 
not result in any collapse of the labial segments 
and does not result in forward drift of posterior 
teeth. On the other hand, when there is a very 
short maxillary dental base as in some Class 
III cases with an associated very short arch, 
early loss of deciduous teeth will result in 
lingual collapse of the labial segment and in 
an extreme degree of forward movement of 
posterior teeth. One can state then from 
observations that the result of early loss of 
deciduous teeth is directly proportional to 
the two factors, the support the buccal seg- 
ments give to the labial segments and the 
degree of anteroposterior crowding, or, to put 
it another way, the degree of disproportion 
between the anteroposterior arch length and 
the size of the dentition. Our observations do 
not support the view that there is a continuous 
forward growth of the dentition which pro- 
duces this forward drift of posterior teeth 
when interstitial contact is lost. 

Now finally I must mention function in 
relation to malocclusions. 

I will remind you again that Brash in 1929 
said: ““There are clearly enormous individual 
and racial differences in the amount of 
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exercise which the jaws are given in mastica- 
tion. Yet over and over again it has been 
pointed out that the common idea that un- 
civilized peoples use their jaws a great deal 
more than the highly civilized in masticating 
their food, supposed always to be hard and 
tough, is erroneous. [t appears that at the back of 
all this discussion about the lack of use of the 
jaws is the erroneous assumption that growth 
and size of bones must be in some direct ratio 
to the magnitude of the forces applied to them 
and the frequency of that application; whereas 
it is more than probable that there is a very 
wide range of activity within which growth 
will proceed in a perfectly normal manner, 
and that it requires an altogether exceptional 
degree of lack of use, amounting almost to 
cessation of use, to affect in any degree the 
growth of the bones concerned. No amount 
of exercise, on the other hand, can possibly 
induce any part of the skeleton to grow beyond 
the limits to which it is congenitally pre- 
determined . . . but it is highly improbable 
that he will ever be able, by taking exercise in 
the form of hard crusts, to add a fraction of that 
anatomical unit to congenitally narrow jaws.” 

It would appear that the good work that 
Brash started is being completely undone by 
certain inferences made in Part II of the 
second edition of his lectures. The authors 
early on in this second part infer that the 
reason why the humeri of the Irishmen are 
broader than the humeri of the Italians is 
probably due to the fact that the former work 
harder than the latter, although they admit 
that there may be some racial differences. 
Itis a pity that the stress is made in the direction 
of function rather than racial differences. I do 
not believe that any anthropologist would 
to-day accept the fact that the difference was 
functional except as a result of natural 
selection. This is probably the same with 
our dentitions. It is no longer essential to have 
an occlusal relationship which permits full use 
of the endogenous masticatory activity and 
therefore extreme degrees of variation are 
surviving only to perpetuate and increase the 
incidence of these variations in the population. 

To sum up, it is more evident than ever 
that malocclusions are not the result of 
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environmental factors acting postnatally. [t 
is not, therefore, possible by controlling 
environment to prevent malocclusions. Mal- 
occlusions are the result of inherited variations, 
the details of which we must be able to assess 
in our diagnosis. If this is so, it means that 
there is no such thing as preventive ortho- 
dontics as an excuse for pzxdodontists to 
dabble in orthodontics without adequate 
knowledge. I think that the fields of the 
pedodontist and the orthodontist should 
overlap and that there should not be this 
intervening subject. Furthermore, I would 
suggest that, in fact, the knowledge required 
to make an orthodontic diagnosis is not part 
of postgraduate orthodontics, but is a subject 
which must be given early in the clinical 
teaching of all undergraduates and that the 
biological background necessary to appreciate 
the significance of what is taught should be 
given with the basic science subjects. In other 
words, no dentist can make a complete analysis 
of a case unless he can analyse morphology 
and patterns of motor activity in the way that 
an orthodontist has to do. This particularly 
applies, of course, to those who are restoring 
the dentition, to those who are dealing with 
abnormalities of function, and who are 
attempting to improve function or aesthetics 
surgically. It is a failing of undergraduate 
teaching that the majority of students only 
learn what is required before the qualifying 
examinations. If, as I suggest, the undergradu- 
ate training should be changed, then the exami- 
nation requirements must be altered first. These 
changes would not only help to remove 
empiricism from orthodontic practice but also 
help to remove empiricism from other branches 
of the practice of dentistry. 
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A NEW APRON SPRING 


By JOSEPH ANGELMAN, H.D.D., L.D.S. 


AN apron spring attached to a high labial bow 
is an effective method of retracting anterior 
teeth, and conversely, when used in con- 
junction with a lingual or palatal framework, 
of moving anterior teeth labially. 





Fig. 1.—Frontal view of triple apron spring on 
model of case undergoing treatment. 


Its disadvantage lies in the limited extent 
of its action, especially when the retraction 
of the six anterior teeth is required. As the 
arch changes shape following tooth movement, 
the apron spring becomes progressively less 


effective from the midline distally, that part 
of the apron over the canine teeth exerting 
the least pressure. The response of the incisor 
teeth to a given pressure is more rapid than 
that of the canine teeth, and a flattening of 





Fig. 2.—Lateral view showing central and canine 
springs. 


the arch is likely to occur with the canines left 
prominent. 

This can be obviated by means of a triple 
apron which produces equal movement of the 
six anterior teeth (Figs. 1-4). It is wound on 
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a labial bow from a single length of 0-5 mm. 
wire, its points of attachment being the 
U loops of the framework, which gives it 
complete rigidity (Fig. 3). Coils are incor- 
porated in the free corners of the central 





Fig. 3.—Enlarged frontal view showing method of 
attachment to U loops and wiring to the framework. 


canine teeth (Fig. 6) and especially when 
premolars have been removed (Fig. 4). 

A useful modification for this movement is 
the shaping of these springs in the form of a 
T, the horizontal arms being adjusted to 
embrace the canine crowns ( Fig. 5). 

The uses of this triple spring are varied, and 
can be modified to move premolar teeth. It 
has been successfully incorporated in the 





Fig. 6.—Models of case treated with a triple apron spring. 


apron spring to increase its strength, because 
it is at these points that breakages most often 
occur. 

The canine apron springs can be moved 
along the framework and also rotated on their 
vertical axes so as to exert pressure on the 
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Andresen appliance, and has many advantages 
over the orthodox labial bow. 

It can be used in the maxillary or mandibular 
arch, and be part of a fixed or removable 
appliance. Its construction is simple, requir- 
ing no welding or soldering. 
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THE PERIODONTAL TISSUES OF 
SOME LABORATORY ANIMALS’ 


By R. TAYLOR HEYLINGS, M.B., Ch.B., B.Ch.D. 


Dental School, University of Leeds 


SERIAL sections were made from the jaws of 
rabbits, rats, cats, and dogs in a preliminary 
study of the periodontal tissues in these 





Fig. 1.—Decalcified section through the buccal 
part of a rabbit’s mandibular cheek teeth. (x 5-4.) 
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Fig. 3.—A vertical decalcified section through th 


jaw of a rat. (x 7.) 


animals. This paper describes some interesting 
features discovered during this study. The 
material from which the decalcified sections 








*Read at the meeting of the British Society of 
Periodontology at Leeds on May 4, 1957. 


were prepared was fixed in 10 per cent 
formol saline, and decalcified in formic-citric 
acid. Most of the sections were stained with 
hematoxylin and eosin, but those showing 
osteoclasis were stained with hematoxylin 
and erythrosin. 





Fig. 2.—An enlargement of part of Fig. 1 
showing A, an interdental, and B, an intercuspal 


papilla. (x 17:3.) 





Fig. 4.—A transverse decalcified section through 
the jaw of a rat at the level of the apical region of 
some of the molar roots. (x 4.) 


Sections through the mandibular cheek 
teeth of the rabbit (Figs. 1, 2) showed these 
teeth to be complicated and varied in struc- 
ture. They are of persistent growth and some 
apparently consist of two long enamel-covered 
cusps joined together, throughout their length, 
by a calcified cellular, cementing substance. 
Anteriorly, in places the enamel seems to be 
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deficient. Overlying these enamel cusps there 
appears to be a thin layer of cementing 
substance, to which is attached the periodontal 
membrane throughout the length of that part 
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Fig. 5.—An enlargement from Fig. 4 showing a 
higher magnification of the inner part of the incisor. 
The fibre bundles of the periodontal membrane are 
clearly seen running from the cementum into the 
alveolar bone. It is also possible to see where the 
odontoblasts have been pulled away from the dentine 
on its pulpal aspect. (x 65.) 
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Fig. 7.—A section through the incisor region in a 
cat (showing resorption of one incisor). (x 4.) 





of the tooth lying in the alveolar socket. The 
alveolar bone can be seen to be coarsely 
cancellous. In Fig. 2 can be seen both inter- 
dental and intercuspal papille. The epithelium 
is well keratinized. 

Sections through the jaw of the rat showed 
several interesting features. The molar teeth 
have well-formed roots which are large 


o4. 


compared with the size of the jaws (Fig. 3). 
The alveolar bone is compact in nature. 
There is a well-marked periodontal membrane 
and much evidence of formation of secondary 





showing a section through the apical region of one of 
the molar roots, illustrating the very thick layer of 
cellular cementum. The compact bone surrounding 
the root is clearly seen and the fibre bundles of the 
periodontal membrane can be traced from the bone 
into the cementum. (x 54.) 





Fig. 8.—An enlargement of part of Fig. 7 showing 
the resorbed area more clearly. (x 52.) 
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cementum, especially in the apical third of 
the roots. These molars, unlike the cheek 
teeth in the rabbit, are not of persistent 
growth. The interdental papille are clearly 
seen and the epithelium is very well keratinized 
where it is in contact with the food during 
mastication. In the transverse section (Figs. 
4—6) at the level of the apical part of the molar 
roots, the attachment of the incisor tooth to 
the jaw bone can be studied and it can be seen 





Fig. 11.—A section through the incisors of a 
dog which died whilst in a hyperparathyroid state. 
(x 4.) 

that on the inner side, where there is no 
enamel, there is a fibrous attachment, fibres 
of a periodontal membrane running from the 
alveolar bone into the cementum covering this 
part of the tooth. On the outer side of the 


tooth where the covering is enamel it can 
be seen that the enamel epithelium only forms 
a light adhesion to the alveolar bone. It can 
also be deduced that where that part of the 
tooth covered with cementum erupts through 
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Fig. 10.—The interradicular alveolus of a cat’s 
carnassial tooth. (x 52.) 
the gingival epithelium, the epithelial attach- 
ment must be able to give rise to detachment 
of the periodontal membrane fibres from the 
cementum. 
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Fig. 12.—A cavity in the subperiosteal area from 
Fig. 11 showing osteoclasis. (x 65.) 
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The cat proved to have periodontal tissues 
much more closely resembling those in the 
human than either the rat or the rabbit. It is 
of interest that its incisors are in a straight 
line and it is possible to get sections through 
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all of them at once. In Fig. 7 it will be seen 
that one incisor is missing and that one of the 
incisors remaining shows a large resorbed 
area extending half-way through the tooth, 
the upper part of the cavity caused by the 





appears to have formed a good attachmeni 
into some cementing substance lying on th 
dentine, whilst the gingival epithelium appear: 
to be so firmly adherent to the dentine that 
it has torn through its substance rather than 





Fig. 13.—The radiographic appearances of the alveolar bone of a cat in the incisor region. A, At the 


commencement; B, After 13 weeks of an experiment during which injections of parathormone were given 


to the animal. 





Fig. 14.—Transverse ground section through an 
upper right second premolar of a rabbit showing the 
irregular invagination of enamel and cementum, 
and the attachment of the periodontal membrane 
to the alveolar bone and cementum. Stained fast 
green. (x 8.) A, Enamel; B, Cementum; C, Peri- 
odontal membrane ; D, Alveolar bone: E, Dentine; 
F, Pulp. 


resorption being at the level of the epithelial 
attachment. An enlargement of this resorbed 


area (Fig. 8) shows no sign of any active 
osteoclasis and the periodontal membrane 
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come away. (Note: A similar picture to this 
is seen in a paper by J. D. King (1954), 
published after his death, but in that case the 
cavity was invaded by calculus, the epithelial 
attachment being apical to it.) 

In the premolar region in the cat the perio- 
dontal membrane fibres are clearly shown 
( Fig. 9) and the alveolar bone is fairly compact 
in nature with large nutrient canals communi- 
cating with the periodontal spaces. (Note: 
Vertical sections cut in a plane through the 
apical foramina showed alveolar bone of a 
more cancellous nature.) The resemblance 
of the periodontal tissues to those of the 
human is marked. 

Sections through the interradicular alveolus 
in the carnassial region (Fig. 10) show the 
alveolar bone to be compact bone with the 
Haversian systems, or “osteons”’, elliptical in 
shape, in the coronal part of the alveolus, 
whilst those in the apical part were more 
cylindrical; bearing in mind the heavy stresses 
these carnassial teeth have to withstand 
during the breaking of bones, etc., it is not 
surprising that the supporting alveolar bone 
is very compact. 

Some serial sections through the incisor 
region of a dog, which had been having 
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parathormone injections sufficient to produce 
a hyperparathyroid state, were cut, and on 
studying them it was found that osteoclasis 
was Clearly shown in the subperiosteal lamelle 
of the alveolar bone in one area; but osteo- 
clasis could not be demonstrated in the 
Haversian systems of the more deeply placed 
alveolar bone. Fig. 11 shows a section through 
the incisor region in this dog, and as the incisors 
of a dog are arranged in a curve the bone 
shown in the lateral area is nearer the surface 
than that in the central area. Fig. 12 shows, 
under high power, a cavity in the lateral area 
which was apparently immediately sub- 
periosteal. The cavity is lined by osteoclasts 
lying in Howship’s lacune. In serial sections 
this cavity decreases in size the deeper it gets 
and one forms the impression that there is a 
saucer-shaped area of resorption lying immedi- 
ately subperiosteally. 

Finally, the radiographic appearances of the 
periodontal area in various .animals were 
studied and radiographs of a cat under 
experimentation with parathormone injections 


were taken at intervals. Two of these radio- 
graphs are shown for comparison, the second 
one taken 13 weeks after the first (Fig. 13). It 
can be seen that in the 13 weeks the apical two- 
thirds of a fractured incisor root has been 
resorbed completely and quite a degree of 
alveolar resorption has occurred. 

These radiographs are shown to demonstrate 
that it is possible to study the degree of 
alveolar resorption in experimental animals 
such as the cat, the dog, or the monkey, by 
the use of radiographs; so that experiments 
may be carried out over lengthy periods of 
time without having to sacrifice laboratory 
animals at various stages. 

Note: Since the presentation of this paper, 
transverse ground sections of a rabbit’s cheek 
teeth and the adjacent structures have been 
prepared, and these clearly show irregular 
invagination of enamel and cementum deeply 


into the teeth (Fig. 14). 
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ANNUAL CLINICAL MEETING, 1957 


Held at the Eastman Dental Hospital, London, on April 5, 1957 


CASES OF CLINICAL INTEREST 


Case 1.—HOMOGENOUS BONE IMPLANT 


By W. G. CROSS, M.S., M.B., B.D.S. 
Department of Periodontology, Institute of Dental Surgery, 


London, W.C.1 

DaTE OF EXAMINATION.—May 13, 1955. 

ComPLAINT.—Loosening of | for some 
months. 

DENTAL History.—Own dentist ground || 
and placed a pressure pack, and referred the 
patient for consideration of a bone-graft. 

CLINICAL EXAMINATION.—Fistula buccally 
|. Pus can be expressed mesially. Subacute 
inflammation buccally. Mobility Grade II. 
Pockets mesial 10 mm., buccal 2 mm., distal 
4 mm. 


TREATMENT PLAN. — (1) Curettage; 
(2) Splint; (3) Bone implant. 
TREATMENT.— 


June 3, 1955: Grinding, curettage. 


067,55, | 22.2.57, 


Radiographs before and after 
treatment. 





Fig. 1.—Case 1. 
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June 24: Bone implant (stored human bone). 
Penicillin cover. Splint. 

May 4, 1956: Case demonstrated to Clinical 
Meeting, British Society of Periodontology. 

Feb. 22, 1957: Review. 2-mm. crevice |] 
mesially. 

N.B.—This case was presented at the 
Clinical Meeting of the British Society of 
Periodontology for a second time in order to 
demonstrate that the condition has been well 
maintained for nearly two years. 


Case 2.—HETEROGENOUS BONE IMPLANT 
By W. G. CROSS, M.S., M.B., B.D.S. 
Aug. 1, 1956. 





DATE OF EXAMINATION. 


ComPLAINT.—Bleeding gums, 3-4 years. 





ts ee 
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Fig. 2.—Ca 





Radiographs before and after 
treatment. 


se 2. 


DenTAL History.—Recent extraction of || 
due to extreme looseness. 

CLINICAL EXAMINATION. — Pus’ exuding 
buccally and interproximally 11245. General- 
ized subgingival calculus in large amounts. 

Pockets: | mesial 8 mm., distal 8 mm., 
buccal 15 mm., palatal 4 mm. 

| mesial 8 mm., distal 8 mm., buccal 14 mm. 

2 mesial 8 mm., distal 8 mm. 

912 6-8 mm. 

Mobility. Grade I (5. Grade II |12. 

2| 2)1 
Grade III |. 


Traumatic occlusion in centric and protru- 


sion. 
21/12 
21| 2 


1! both vital. 

TREATMENT PLAN.—(1) Preliminary selec- 
tive grinding; (2) Curettage; (3) Elective 
devitalization and root filling 1.1; (4) Further 
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selective grinding; (5) Bone implant and 
removable splint; (6) Replace |1. 

TREATMENT.— 

Oct. 3: Preliminary grinding. 

Oct. 18: Root canal therapy 111. 

Nov. 16: Flap operation, penicillin cover, 
insertion of anorganic bovine bone implant. 
Temporary wire splint. 

Dec. 10: Removable chrome cobalt splint 
inserted. 


March 13, 


satisfactory. 


Case 3.—A CASE OF PERIODONTOSIS 
IN A BOY AGED 6°, YEARS 


By W. G. CROSS, M.S., M.B., B.D.S. 


DATE OF EXAMINATION.—Feb. 15, 1957. 

ComPLAINT.—Nil. 

DENTAL History.—First attended Hospital 
for Sick Children, Great Ormond Street, 
October, 1954—i.e., aged 255, with a history 
of gingivitis for past 2 years, treated for 8 
months with H,O, and I, at night. 

Investigated by Mr. Cradock Henry with 
following results :— 

1. Oral flora—Vincent’s organisms; heavy 
growth Strep. viridans. 

2. Blood: Hb 75 per cent. W.B.C. 
6000/c.mm. (Neutrophils 44 per cent; Eosino- 
phils 4 per cent; Lymphocytes 52 per cent). 

Patient then referred to Dr. Philip Evans. 

W.R. negative. Thalassemia _ suspected 
because of: (1) Mother being of Italian 
ancestry. (2) Slight spiculation of the skull 
vault. (3) Lowered hemoglobin. (4) Chalky 
appearance of pelvis and femora. 

However, no sickling, elliptocytes, or target 
cells were seen in blood film. No rarefaction of 
long bones found. Following this investigation, 
treated by glycerin and tannic acid mouthwash. 
Hyperemia diminished, but gingival enlarge- 
ment remained. In January, 1956, lower 
incisors were noted to be loose. 

Radiographs with gutta purcha points 
taken in July, 1956, show depths of pockets. 

CLINICAL EXAMINATION.—A healthy looking 
boy of average height and weight. b|b were 
extremely loose. Generalized pocket forma- 
tion, eedema, and marked alveolar resorption 
seen in radiographs. 


Reviewed. Condition 


1957: 
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Note-—This condition appears to have 
started when the patient was somewhat under 
3 years of age and at this age is considered to 
be extremely uncommon. 


Case 4.—CHROME-COBALT 
SUBPERIOSTEAL IMPLANT 
By W. G. CROSS, M.S., M.B., B.D.S. 


DATE OF EXAMINATION.—Aug. 24, 1953. 

CompLAInT.—Inflammation || with occa- 
sional pus formation. 

DENTAL History.—Many upper teeth ex- 
tracted on account of periodontal disease. 

CLINICAL EXAMINATION.—Upper _ teeth 
present: 8763/38, Trifurcation involvements of 
76; gross alveolar loss and mobility of 876)8. 

TREATMENT Pian.—(1) Extraction 876/8; 
(2) Curettage; (3) Selective grinding; (4) 
Gingivectomy; (5) Implant |7 area; (6) Partial 
upper metal denture. 

TREATMENT.— 

Feb. 22, 1955: Flaps raised, impression of 
alveolus. 

May 6: Case demonstrated at Clinical 
Meeting, British Society of Periodontology. 

May 18: Implant inserted. 

July 8: Partial metal denture inserted. 

Oct. 27: Denture considered unsatisfactory. 
Further denture prepared. 

Jan. 9, 1956: Inserted. 

N.B.—This case was presented at the 
Clinical Meeting for a second time in order to 
demonstrate that the condition has been 


well maintained for two years. 





Fig. 3.--Case 5. Osteoplasty in ©! and |g regions. 
Radiographs show the altered bony outline in these 
areas. Top, Before operation; Below, Eleven months 
later. 


Case 5.—OSTEOPLASTY 
By J. R. TROTT, B.D.S. 


Department of Periodontology, Institute of Dental Surgery, 
London, W.C.1 

The operation of gingivectomy is usually 
carried out in the attached gingive so that not 
only is the pocket eliminated but there remains 
behind sufficient attached gingive upon which 
the patient can commence oral hygiene. There 
are occasions, however, when the operation of 
gingivectomy alone is not sufficient to elimi- 
nate either the pockets that have been formed 
or to ensure a physiological gingival contour 
post-operatively. Further surgical interven- 
tion at the time of the gingivectomy may 
therefore be necessary. 

Osteoplasty.—One of the indications for 
osteoplasty is in the broad shallow intrabony 
pocket that is liable to occur in saddle areas in 
the molar region. The conditions are not 
favourable for attempts at reattachment, and 
the removal of the gingive would still leave 


the intrabony pocket. 
Mrs. M. A., aged 39, had a chronic generalized marginal 
periodontitis necessitating the extraction of 87) and a full 
8 





mouth gingivectomy. However, in the 64 and (1-8 
regions there was an unsatisfactory bony contour in 
the saddle areas. Gingivectomy was performed in these 
areas and the bone trimmed with small rough diamond 
stones. A gingivectomy pack was placed over the area 
for one week and upon removal the healing appeared so 
satisfactory that the patient started cleaning the area 
with a soft toothbrush immediately. When seen eleven 
months later, the patient had maintained a high standard 
of home care and the saddle areas were in a most satis- 
factory condition (Fig. 3). 








Fig. 4.—Case 6. Sulcus deepening in 21/12 region. 
Showing the alteration in the mucogingival line. 
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6.—DEEPENING THE SULCUS 
By J. R. TROTT, B.D.S. 


Case 


On occasions it is possible for the bottom of 


the pockets to extend to or beyond the muco- 


gingival line. In these cases it is necessary to 


try to obtain an attached gingive at a deeper 


level. 

Miss 5. k. had a localized chronic periodontitis around 
2112 complicated by some gingival recession and a 
high mucogingival line. The depths of the pocket came 
to and beyond this line so a gingivectomy was performed 
and the sulcus deepened at the same time. An incision 


was made wide into the oral mucosa so that some tissue 








could be folded down over the bone. A firm gingivecto:.:y 
pack was inserted, removed, and replaced at the end of 
one week, and finally removed one week later. The 
patient was then instructed in the use of soft wood 
points and a soft toothbrush. Healing was uneventiul 
and when seen five months later the area was being well 
maintained (Fig. 4). 

These two cases illustrate how it is some- 
times necessary to take additional steps in 
the elimination of periodontal pockets in 


conjunction with gingivectomy. 
An interesting film on “* Bone Implantation 


in Periodontal Therapy” by W. G. Cross, 
M.S., M.B., B.D.S., terminated the meeting. 





BRITISH SOCIETY OF PERIODONTOLOGY 
Programme, 1957-8 


Monday, Oct. 14, 1957, at 4.30 
Eastman Dental Hospital, Grays Inn Road, 
W.C.1: Annual General Meeting; Presidential 
Address by Professor E. D. Farmer, 
**Recurrent Oral Ulcers”’. 

Monday, Nov. 11, 1957, at 5 p.m., Eastman 
Dental Hospital: “‘Current Trends in Perio- 
dontological Research” by Captain J. A. 
English, U.S.N., Ph.D., D.D.S. 

Monday, Jan. 13, 1958, at 5 p.m., Eastman 
Dental Hospital: “* Practical Periodontics” by 
S. Cripps, B.A., D.D.S., L.D.S. 

Monday, Feb. 10, 1958, at 5 p.m., Eastman 
Dental Hospital: *“* Dental Health Education in 
Italy, Switzerland, and Germany” by D. H. 
(Goose, B.D.S., B.Sc., Gibbs Scholar, 1957. 

Monday, March 10, 1958, at 5 p.m., Eastman 
Dental Hospital: Short Communications by 
Associate Members. 

Saturday, April 19, 1958, The School 
of Dental Surgery, The University, Sheffield, 
10: Programme of Clinical Demonstrations 
and Lectures arranged by The School 
of Dental Surgery, Sheffield. Lecturers: 
E. L. Hampson, M.D.S., F.D.S., H.D.D., and 
J. H. Woodhead, B.Met. 

Friday, May 16, 1958, at 5 p.m., Eastman 
Dental Hospital: Annual Clinical Meeting. 
Dinner Dance at the Criterion Restaurant. 


p-m., 


Undergraduate Prize 


The title of the essay for the next British 
Society of Periodontology Prize is “Oral 
Hygiene in the Prevention of Gingivitis”. 
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Particulars may be obtained from the authori- 
ties at the dental schools or from R. D. 
Emslie, Hon. Secretary, British Society of 
Periodontology, Dental —_ Guy’s Hospital. 
London, S.E.1. 





LETTERS TO THE EDITOR 


August 16, 1957 
Dear Sir, 

On looking through the literature on paradental 
splints I find that very little is said about prognosis. 

I realize that a complex of indeterminate factors is 
involved, making prediction difficult, and that it is 
impossible to compare the history of a dentition which 
is splinted with its possible history if it had not been 
splinted, but in general practice the question of prime 
importance is how much longer will the appliance make 
the patient’s teeth last. 

Has sufficient experience of paradental splints been 
accumulated so that some sort of forecast can be made? 

Yours truly, 
J. D. MANson. 


168, Chapeltown Road, 
Leeds, 7 





September 27, 1957 
Dear Sir, 

In reply to Mr. Manson’s letter regarding the prognosis 
of periodontal splints, it would appear to depend upon 
whether the periodontal pockets are eliminated, and 
perfect oral hygiene maintained. Failure to achieve 
both of these requirements results in persistent gingival 
inflammation and further resorption of the alveolar 
process. Thus it depends upon the ability of the operator 
to remove all calculus and pockets, in addition to the 
provision of a permanent splint, and the ability of 
the patient to maintain meticulous cleanliness around tke 
gingival margins. The competent practitioner may thus 
say that the prognosis depends upon the patient! 

Yours faithfully, 
R. D. EMsLIe. 


Dental Department, 
Guy’s Hospital, 
London Bridge, S.E.1. 


















' iw 


rr 7 Be 





October, 1957 


The DENTAL PRACTITIONER 





ABSTRACTS FROM 


Observations of Necrotizing Gingivitis in 
870 Military Trainees 

In a review of 2622 trainees in a military 
camp between the ages of 17-21 years, an 
incidence of 2-2 per cent of Vincent’s infection 
was found at initial examination. 

Studies based upon the treatment of 870 
patients with Vincent’s revealed few symptoms, 
being made at routine examination from clinical 
signs confirmed by bacterial smears and biopsy 
examination. When the classical signs and 
symptoms were present, the author states a 
belief that a viral infection was superimposed 
upon the fusospirochetal infection, this con- 
clusion being based on statements by other 
authorities that penicillin therapy is ineffective 
in classical cases, yet effective in the un- 
complicated ones! 

Existence of a psychosomatic factor as a 
predisposing agent producing an effect on 
papillary arterioles is postulated, but not 
substantiated. 

Local application of 250 mg. to 350 mg. 
aureomycin in denture adhesive powder, in- 
sufflated into the teeth and gingive, is the form 
of treatment recommended.—GrupeE, H. E.., 
and WILDER, L. 5S. (1956), J. Periodont., 27, 255. 


Proximal Contour of Class II Amalgam 
Restorations 


The effectiveness of various matrix bands, 
holders, and techniques was assessed. Special 
notice was taken of the resulting contour, 
contact point, and cervical edge. 

The method consisted of selecting teeth 
representative of the three basic tooth forms— 
square, tapering, and ovoid. Duplicate models 
were made of these and standard Class II 
cavities were cut. These cavities were filled 
with amalgam using various matrices and 
techniques. The contours of these restorations 
were compared to those of the original teeth 
by a method of silhouette photography. 

Results showed that no technique repro- 
duced exactly the original contour, but if a 
wedge was used deviation was slight. Gross 
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cervical overhang occurred in every case that 
was not wedged. For square or ovoid type 
teeth it was found necessary to contour the 
matrix band before use if a reasonably shaped 
amalgam was desired.—PuHiLuips, R. W., 
CAsTALpI, C. R., Rrnarp, J. R., and CLARK, 
R. J. (1956), J. Amer. dent. Ass., 53, 391. 


Research on Dental Amalgam and its 
Application in Practice 


Research on amalgam, especially that of the 
last ten years, is reviewed. Forty per cent of 
the failures of amalgam restorations were due 
to improper manipulation. The alloy cannot 
be blamed since the introduction of the ADA 
Specification No. 1 has virtually eliminated 
the sale of poor alloys. 

Excess mercury in the finished filling is 
responsible for a marked decline in crushing 
strength especially at the cavity margins. 
Careful dispensing, correct trituration, and 
maximum condensation are essential to keep 
the mercury-content down to the minimum 
(i.e., approximately 50 per cent). 

Small-grained alloys are preferred, giving 
better handling characteristics, smoother 
finish, and stronger filling. 

Over-trituration is better than  under- 
trituration which greatly decreases the strength 
and increases the liability to corrosion. 

Although radio-active isotopes have demon- 
strated leakages with all filling materials, 
amalgam is inferior to none.—PHILLIPs, R. W. 


(1957), J. Amer. dent. Ass., 54, 309. 


Differential Force in Orthodontic 
Treatment 


A technique for the application of optimum 
forces for tooth movement by using a single 
round stainless steel arch wire 0-016 in., and 
even less, in diameter is described. 

For moving anterior teeth with small root- 
surface area, relatively light arch wire and 
rubber ligature forces produce the most rapid 
movement with the least disturbance to 
tooth-investing tissues. Also, at the same 
time, these light forces leave the larger-rooted, 
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posterior anchor teeth almost stationary. 
Conversely, relatively large forces cause the 
anterior teeth to resist the pressure, so that 
the anterior teeth, paradoxically, can be made 
to operate as anchor teeth, as they then move 
only very slowly, while with this large force 
the posterior teeth, the so-called anchor teeth, 
move rapidly. 

Values in grammes are given for the appro- 
priate forces for accomplishing differential 
tooth movement. 

In the reduction of deep anterior overbite 
the force is so light that the anchor molars 
do not appear to move at all. The only dis- 
cernible movements are rapid movements, 
gingivally, of upper and lower anterior teeth. 
—Bece, P. R. (1956), Amer. J. Orthodont., 42, 
481. 


The Dependence of the Results of Pulp Therapy 
on Certain Factors 


Clinical and radiological checks on 529 root- 
filled teeth (774 roots) of 254 patients over a 
period of 6 months to 10 years were carried 
out. The rate of success (R.S.) decreased: (1) 
when overfilling or poor adaption of filling 
occurred, and when periapical rarefaction was 
present, (2) as the root canal was progressively 
enlarged apically, (3) in persons with 5-10 as 
compared with those with 1-4 treated teeth, 
and (4) when instrument breakage in the canal 
occurred. R.S. tended to be lower when apical 
resorption was present, and was higher with 
(1) 3 rooted than 1 rooted teeth, (2) with non- 
vital than vital pulps, and (3) canals that 
were not penetrable to the apex. The following 
had no effect on R.S.: (1) age and health, (2) 
the use of anesthesia or chemical devitalization 
for pulpectomy, and (3) exacerbation during 
therapy. It was also noted that a larger 
number of dressings did not increase R.S., and 
that temporary disappearance after therapy of 
a periapical rarefaction did not occur.— 
STRINGBERG, L. E. (1956), Acta Odont. Scand., 
14, Suppl., 21. 


Management of Abused Oral Tissues in 
Complete Denture Construction 


The need for the provision of new dentures 
in the long edentulous implies damage to the 
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soft tissues by the existing ill-fitting denturss. 
The damage will be shown as areas of inflam- 
mation, swelling, and varying degrees of 
fibrosis. The reproduction of these irregu- 
larities of contour is an element which will 
reduce the prospects of success with new 
dentures. It is of prime importance that steps 
be taken to reduce the abnormalities of 
contour, of which the most obvious is that the 
patient should refrain from wearing the 
offending dentures for some period before 
new impressions are taken. Temporary relining 
with a variety of materials is also useful. The 
author shows measured cross-sections of 
edentulous ridges before and _ after 
procedures have been carried out, and demon- 
strates that the variation in contour is of 
significant dimensions. X-rays of the soft 
tissue confirm these findings. Cephalometric 
X-rays with markers on the dentures are 
reproduced to show the shift in the dentures 
when tissue recovery is obtained.—LYTLE, 
R. B. (1957), J. pros. Dent., 7, 27. 
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A Preliminary Report on Replantation 





Physiopathological Changes. 

1. The main points of physiopathological 
changes in the healing processes of replantation 
of a tooth are “re-attachment” and 
*‘resorption ’’. 

2. The first stage of tooth replantation is 
entirely dependent on mechanical fixation. 

3. The vital condition of the periodontal 
membrane is important. 

4. Control of inflammation during mechani- 
cal fixation. 

Discussion. 

1. Prognosis: According to the report of 
tooth replantation by Kells, a replanted tooth 
can only last 5-10 years. 

2. Difference between posteriors and anter- 
iors: Replantation of anterior teeth is 100 per 
cent successful, while that of posteriors is only 
70 per cent. 

3. Evaluation of replantation: The writer 
suggests that the principle of replantation be 
applied to transplantation, and also suggests 
that storage of suitable teeth be carried out 
in a “tooth bank’”.—Da1 Cuat-An (1956), 
J. Chinese Dent., No. 3. 








